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AbstrAct:
Background and Aims: Meliaceae species are extremely recalcitrant during germination and in vitro 
processes. Therefore, this research focuses on characterization and optimization of a highly efficient 
system by secondary somatic embryogenesis in Azadirachta indica, which is an important step for 
enhancing secondary metabolite production and regeneration in recalcitrant species. 
Material and Methods: Leaf and cotyledon sections were induced in MS medium supplemented with 
benzylaminopurine (BAP) alone, or combined with 1-naphthaleneacetic acid (NAA) and, abscisic acid 
(BA) with thidiazuron (TDZ). 
Key results: Azadirachta indica developed primary somatic embryos with BAP. Shoot and root for-
mation occurred at low concentrations of BAP, while somatic embryogenesis was favored under high 
levels of BAP or TDZ. Primary and secondary somatic embryos were evidenced continuously and 
asynchronously. The highest amount of somatic embryos was obtained with cytokinins. However, the 
concentration might be significant to differentiate between primary and secondary embryos. Moreover, 
the auxins are key for inducing histodifferentiation in embryos. Shoot induction occurred after transfer 
of the embryos to hormone-free MS medium. The shoots were rooted in MS1/2. 
Conclusions: The secondary somatic embryos were distinguished and characterized during the whole 
process and the efficient system was established with cotyledon sections at short term, which offers 
several advantages such as the production of metabolites.
Key words: abscisic acid (BA), asynchronous embryogenesis, benzylaminopurine (BAP), cyclic so-
matic embryogenesis, thidiazuron (TDZ).
resumen:
Antecedentes y Objetivos: Las especies de Meliaceae son extremadamente recalcitrantes durante la 
germinación y en los procesos in vitro. Por lo tanto, este estudio está enfocado en caracterizar y opti-
mizar un sistema altamente eficiente de propagación a través de embriogénesis somática secundaria en 
Azadirachta indica, paso importante para la producción de metabolitos secundarios, la propagación o 
regeneración de estas especies recalcitrantes. 
Materiales y Métodos: Las secciones de hojas y cotiledones fueron inducidos en medio MS suple-
mentado con bencil-aminopurina (BAP) sola o combinada con ácido 1-naftalenacético (NAA) y ácido 
abscísico (BA) con tidiazuron (TDZ). 
Resultados clave: Azadirachta indica desarrolla embriones somáticos primarios con BAP. La forma-
ción de tallos y raíces ocurre en bajas concentraciones de BAP, mientras la embriogénesis somática es 
favorecida a altos niveles de BAP o TDZ. Los embriones somáticos primarios y secundarios fueron 
evidenciados continuamente y sincrónicamente o asincrónicamente. Una gran cantidad de embriones 
somáticos fueron obtenidos con citoquininas. Sin embargo, la concentración tiene un rol importante en 
la diferenciación entre embriones primarios y secundarios. Además, las auxinas son la clave para inducir 
la histo-diferenciación en los embriones. La inducción de tallo ocurrió después de que los embriones so-
máticos se transfirieron a un medio libre de hormonas (MS). Estos tallos fueron enraizados con MS1/2. 
Conclusiones: Los embriones somáticos secundarios fueron distinguidos y caracterizados durante todo 
el proceso y el sistema fue establecido con segmentos de cotiledones en corto tiempo; esto ofrece opor-
tunidades ventajosas como la producción de metabolitos.
Palabras clave: ácido abscísico (BA), bencil-aminopurina (BAP), embriogénesis asincrónica, em-
briogénesis somática cíclica, tidiazuron (TDZ).
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IntroductIon
Azadirachta indica A. Juss., commonly known as neem, 
is widely distributed and has a high value on different 
continents including Asia, Oceania and America, espe-
cially Caribbean countries (LUZ, 2001; Puri, 1999). It 
is a tree belonging to the Meliaceae family, which has 
multiple applications in the traditional and actual agri-
cultural systems. It is characterized by being evergreen, 
fast-growing, the dense and oval-crown appearance, the 
woody and moderately thin stem, and the pervasive and 
extensive type of roots. Furthermore, this species has a 
large production of active compounds, such as defensive 
secondary metabolites against pathogens or parasites (Al-
lan et al., 1999; Badu et al., 2006). However, those com-
pounds are of the non-toxic type, and the most important 
active ingredient is the “azadirachtin” triterpenoid, which 
can be synthesized chemically or extracted by using a 
large amount of plant material, and can be found mainly 
in the seeds, with a concentration range of 50-4000 mg l-1 
(Isman et al., 1990; Akula et al., 2003). Additionally, A. 
indica is an important source of natural products such as 
pharmaceutical, agrochemical, flavor ingredients and oth-
er products (Tripathi and Tripathi, 2003; Morgan, 2009). 
In Caribbean countries, this plant is used as an ornamen-
tal, pest repellent and food for livestock. In the medical 
field, it has diverse functions such as a natural antibiot-
ic, antifungal, antiviral or antiparasitic (Pietrosemoli et 
al., 1999). From the agricultural view, it has been used 
to reduce the feeding damage to different crops caused 
by insects or as phytopathogens that inhibit the growth 
of mycelia (Meisner et al., 1981; Sutherland et al., 2002; 
Alcalá et al., 2005; Tafur et al., 2007). 
Conventionally, neem is propagated by seeds; how-
ever, these are highly recalcitrant and do not tolerate low 
temperatures. On the other hand, they present some dis-
advantages such as the genetic heterogeneity product of 
cross-pollination (Parrotta and Chaturvedi, 1994; Kundu, 
1999). In vitro propagation methods are able to obtain 
clonal cell lines and minimize these disadvantages. There 
are reports regarding the in vitro regeneration of A. indica 
for proliferation of plants derived from explants including 
seeds (Murthy and Saxena, 1998; Wewetzer, 1998), an-
thers (Gautam et al., 1993), axillary shoots (Sharry et al., 
2006), endosperm (Thomas and Chaturvedi, 2008) and 
zygotic embryos (Chaturvedi et al., 2004).
In our previous research, we established an efficient 
and short-term sustainable system for the plant regenera-
tion of A. indica by somatic embryogenesis (Artigas and 
Fernández da Silva, 2015; Fernández et al., 2016). In the 
present research, we explain further details of the ana-
tomical characterization during the induction and regen-
eration, through the secondary somatic embryogenesis 
which was evidenced continuously and synchronously or 
asynchronously. Accordingly, it is essential to know and 
clarify the efficiency of in vitro plant propagation and to 
improve plant programs for secondary metabolites pro-
duction without affecting the diversity through deforesta-
tion, intense crop cultivation or harvesting.
mAterIAl And methods
Sampling and protocols
In this study, the explants were the leaf sections without 
veins and cotyledons, which were collected from fruits 
of adult plants (1-2 m high) of A. indica. The trees are 
located at the University of Carabobo, Venezuela (Bár-
bula campus). The disinfection protocol was conducted 
as described by Artigas and Fernández da Silva (2015). 
Subsequently, the leaf sections or cotyledon segments of 
1 cm2 were placed in Petri plates with induction medi-
um. The callus induction and regeneration media were 
prepared as described by Artigas and Fernández da Silva 
(2015).
This protocol consists of the following steps. In-
duction medium: Murashige and Skoog’s (MS) enriched 
with benzyl-aminopurine (BAP) at 2.5 mg l-1 alone, and 
BAP (1.0 mg l-1) combined with 1-naphthaleneacetic acid 
(NAA, 0.50 mg l-1) and, abscisic acid (BA) combined 
with thidiazuron (TDZ) at 0.02 mg l-1 and 1 mg l-1, respec-
tively. Regeneration: the rooting process was on MS1/2 
and one time changed to Vermiculite with the modified 
nutrient solution (Artigas, 2015). The replications were 
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20 per medium. All processes were performed under 16 
h light/8 h dark at 28 °C as photoperiod in the growth 
chamber. During 16 weeks, the embryogenesis process 
was evaluated from the explant induction to regenerated 
plants. The secondary embryogenesis somatic or cyclic 
embryogenesis was done 8 times per 20 replications. 
Microscopic examination and morpho-ana-
tomical characterization of somatic embryos
Tissue samples were taken for the anatomical study at 
each developmental stage from the leaf sections and cot-
yledon segments, including the embryogenic and organo-
genic callus. The somatic embryos obtained in the process 
were fixed in 70% isopropyl alcohol. Consequently, the 
samples were embedded in paraffin (Johansen, 1940) and 
cut by a rotatory microtome (Valencia, Carabobo-Vene-
zuela) into serial sections (3-10 μm thick), then stained 
with orcein and/or safranin. Photographic records of the 
morphology and histological sections were done with a 
stereoscopic microscope (DFC 280, Leica MZ75, Leica 
Microsystems, Heerbrugg, Switzerland) and a light mi-
croscope (Leica DM1000, Leica Microsystems, Wetzlar, 
Germany).
results
Morphological responses of the induction  
process
The morphogenetic responses of A. indica callus cultures 
such as the embryogenic, organogenic, rhizogenic and 
non-embryogenic callus lines were obtained successful-
ly, especially in cotyledons. This study principally char-
acterized the primary and secondary somatic embryos. 
The embryogenesis and regeneration processes were ob-
tained effectively and continuously during 16 weeks. In 
the previous report, the frequencies indicated differential 
responses between the type of explant, growth regulators 
(concentration and combination) and callus formed (Ar-
tigas and Fernández da Silva, 2015). However, the for-
mation of secondary embryos was observed continuously 
and asynchronously. BAP at 2.5 mg l-1 induces 77% pri-
mary embryos and 43% of secondary somatic embryos 
obtained. Additionally, TDZ and BA produced 57% pri-
mary somatic embryos and 33% of the secondary type. 
Morpho-anatomical characterization of  
somatic embryogenesis process
Two types of A. indica callus were successfully induced 
from the leaf explants. Non-embryogenic callus (NE) and 
rhizogenic callus (RC) in the leaf sections (Fig. 1) had a 
granular or gelatinous appearance with or without stimu-
lation of organogenesis. Roots and shoots (St) were devel-
oped by indirect organogenesis as rhizogenic callus (RC). 
Similarly, non-embryogenic callus (NE) or friable callus 
(CF) were observed. These responses were influenced by 
the presence of BAP alone or combined. The calli were 
induced from leaf sections of leaflets sections (at 10 days 
into the culture) and large necrotic cells were developed 
in the greenish bulging section (Fig. 1A, B), demonstrat-
ing initially a yellowish-white, granular or friable (CF) 
light-gelatinous texture (Fig. 1C). In the elapsed time, the 
callus became necrotic (Fig. 1D) or differentiated in roots 
(Fig. 1E). The callus presented loosely distributed, small, 
irregularly shaped cells and poor cytoplasm (Fig. 1F), 
whereas the differentiated roots consisted of vascular tis-
sue with xylem vessels of reticular thickenings (Fig. 1G) 
and abundant root hairs (Fig. 1H). 
Furthermore, the cotyledon induction was substan-
tial. The embryogenic callus (EC), organogenic callus 
and non-embryogenic callus (NE) were acquired. The 
morphological characteristics of the cotyledon segments 
changed after 15 days in the culture medium. Initially, the 
explants showed swelling in the tissue and callus forma-
tion on the cutting zones of the abaxial surface of the cot-
yledon, as shown in Figure 2. The formed callus can be 
of two types: 1) non-embryogenic (NE), similar to what 
has been described for the leaf sections (Fig. 1F), or Fig. 
2) embryogenic callus (EC), which had a compact appear-
ance, smooth surface and yellow-green-cream coloration. 
The formed calli were characterized by isodiametric cells, 
which were organized in a compact form with thick walls. 
The embryos origin was by the division of spongy and 
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Figure 1: Morphology and histology of the induction process in foliar sections. A. initial development of callus (10 days); B. foliar section with 
green bulge (b); C. abundant friable callus (CF); D. friable callus with started necrosis; E. friable callus (CF) during regeneration process with roots 
(root primordia, CR); F. anatomy of non-embryogenic (NE) callus with details of irregular cells broadly distributed; G. anatomy of root developed 
in the friable callus and the conductive tissue (T); H. radicular hairs (HR). Scale A, B, C, E: 1 cm; D: 4 mm; F, G, H: 400 μm (400x). Photos: M. 
D. Artigas Ramirez.
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palisade parenchyma. Consequently, the cells were dis-
tributed uniformly in a pro-embryogenic mass, in which 
they were differentiated in meristematic nodules or pack-
ages (Fig. 2A). The meristematic nodules could be located 
or not in the periphery of embryogenic callus (Fig. 2B). 
Successively, the somatic embryos were formed. 
The primary somatic embryos showed a smooth 
and shiny surface, with yellow-green color after 15-30 
days culture. Subsequently, a large amount of embryos 
were observed, principally in the globular-shape stage. 
Embryogenic cultures derived from embryogenic cal-
lus displayed different types of cells, either isolated or 
forming an aggregate in different stages such as torpe-
do (Fig. 2C), globular (Fig. 2D) or seedling germination 
stage (Fig. 2E). Similarly, some secondary embryos were 
distinguished at this phase. The somatic embryos were 
renewed in isolated form (Fig. 2F) or attached to the 
pro-embryogenic mass (Fig. 2G), because of the presence 
of the connection in the parent tissue through the suspend-
er (Fig. 2H), which evidences the origin of the embryo.
The differentiation between primary and secondary 
somatic embryos was demonstrated, which was continu-
ously and asynchronously, because of the occurrence of 
embryos in various developmental stages. The secondary 
somatic embryos originated from unique isolated or cell 
aggregates (Fig. 2H). The embryos with different devel-
opment were observed according to the origin (multicellu-
lar or unicellular, respectively), which were distinguished 
perfectly by a delimited mono-stratified epidermis com-
posed of tabular cells. The secondary somatic embryos 
(ESS) developed during the regenerative process whereby 
somatic embryos are originated from primary somatic em-
bryos. This was characterized by agglomeration of somat-
ic embryos at different stages (globular, heart, torpedo), 
followed by germination of the embryos and development 
of the plumule (shoot), as shown in Figure 3. These results 
proved the synchrony of the regenerative process under 
the combination of BAP at high concentration. However, 
the asynchrony of the secondary somatic embryogenesis 
was differentiated because several embryos were grown 
at different stage of culture, especially during the regener-
ation induction; for example after 6 weeks, some embryos 
were observed during germination or regeneration stage 
(Fig. 3). Similarly, these ESS were observed indirectly or 
directly, as well as the synchrony embryogenesis. 
The ESS were observed directly at diverse phases 
of development. The formation of secondary somatic em-
bryos developed directly by cell division at the epidermal 
and sub-epidermal levels in the primary embryos (Fig. 
3A) or the regenerated organ as shoot (Fig. 3B). Addi-
tionally, during the regeneration process the ESS were 
differentiated directly in the hypocotilar zone (epidermal 
surface) of the primary somatic embryos, both non-ger-
minated and germinated (Fig. 3C). Germinated embryos 
were distinguished by the observation of the elongated 
cells at the base of embryos and the presence of lignin 
in the wall in which lignin is characteristic of the devel-
opment of vascular tissue. Some somatic embryos were 
developed in the primordia of the regenerated callus (Fig. 
3D). Repetitively, the embryos continued to develop up 
to 8 weeks (4 or more cycles) as shown in Fig. 3E. This 
was related to the incubation period, the embryogenic re-
sponse increased as the incubation time was increasing. 
The frequency of secondary embryos per primary somatic 
embryo in every cycle was 14 (±1). After 5-6 weeks, the 
somatic embryos could be differentiated and subsequent-
ly the plants developed the leaves and shoot. Consequent-
ly, the vitro plants were changed to MS1/2 for rooting, as 
shown in Fig. 3F (plants after 16 weeks). Then the plant-
lets were acclimated in vermiculate at 16 h light/8 h dark 
at 28 °C as photoperiod with 60% moisture.
Some differences between the secondary and prima-
ry embryos were observed, such as the color change from 
light-green to light-brown, after being introduced in the 
storage or regeneration medium (Fig. 3A). Nonetheless, 
some deformation was present in several calli during the 
embryogenic process, which was proportional to the con-
centration of growth regulator used. The effect of BAP was 
less evident than that of TDZ in the same phase. Nonethe-
less, by combining NAA with BAP the deformation was 
more pronounced, and some calli became necrotic, in the 
same way as those obtained from leaves (Fig. 1F).
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Figure 2: Morpho-anatomical characterization of somatic embryogenesis in cotyledons sections. A. differentiation of meristematic nodule 
(M) comprised a callus mass with isodiametric cells; B. pro-embryos (pe) located in the periphery of callus (CE); C. torpedo embryos (Et) and 
germinating embryos (Egr); D. globular embryos (Eg) emerged from callus; E. grouping of Eg and Egr; F. somatic embryo with a unicellular 
origin which was attached by a suspensor from the epidermis (Ep); G. torpedo embryo attached to the pro-embryogenic mass and showed Ep; 
H. detail of agglomeration at different stages of embryos such as Eg, Egr, Et and Suspender (S). Scale A, B, F, G, H: 400 μm (400×); C, D, E: 
1 mm. Photos: M. D. Artigas Ramirez.
dIscussIon
The embryogenic, organogenic and non-embryogenic 
callus lines were successfully obtained and character-
ized. The morphogenetic findings indicated a differen-
tial response, with respect to the callus formation and 
differentiation of somatic embryos between primary and 
secondary ones, according to the explant type and the 
growth regulators (concentration and combination), as 
described by Artigas and Fernández da Silva (2015) and 
other reports in Meliaceae species (Capote and Estrada, 
2001; Ranjan, 2005; Vila et al., 2009). The non-existent 
response of embryogenesis somatic in the leaflet sections 
was due to the high cell differentiation of veins and leaf-
let midvein. Some forest species present vascular tissue 
that favors organogenesis (Vila et al., 2003), due to the 
transport of endogenous hormones through these conduc-
tive tissues (Miriam et al., 2008). The different respons-
es in the leaflet sections were mainly influenced by the 
presence of BAP alone or combined with cytokinins or 
auxins (Capote and Estrada, 2001; Ranjan, 2005). Gener-
ally, Meliaceae species have achieved embryogenic callus 
from cotyledons under the combination of NAA (3 mg l-1) 
and BAP (1 mg l-1), as indicated by Sharry and Teixeira 
(2006). However, our results showed that this combina-
tion was not favorable because a large amount of callus 
was not embryogenic (NE) in cotyledons. The calli of 
leaf sections showed a high level of necrosis, caused by 
the contact of explants with disinfecting solutions (Vila 
et al., 2003; 2004). Additionally, these results might be 
influenced by the exposition of the donor plants to the 
environmental factors and pollutants (abiotic and biotic), 
which affected callus development and promoted the pro-
liferation of exogenous and endogenous pathogens on the 
explants (Vila et al., 2004). Furthermore, we suggested 
that the secondary somatic embryogenesis was associated 
with the age and physiological condition of the explant. 
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Figure 3: Morpho-histological characterization of asynchronous somatic embryogenesis. A. differentiation of secondary somatic embryos (ESS, 
included torpedo embryo secondary - Ets) originated directly from the primary embryo (Egpr); B. agglomeration of somatic embryos at different 
stages as globular embryos germinating (Egpr) and ESS emerging directly from the epidermis, as well as tertiary globular embryos (Egt); C. a large 
amount of ESS originated directly from primordia of shoot (P) regenerated from primary somatic embryos; D. anatomy aspect of primordia shoot 
(P) with ESS; E. somatic embryos with ESS developed directly in the fourth cycle (contained abundant Eg); F. vitro plants developed after 2 weeks 
in the rooting (R) culture (MS ½). Scale A, C, E: 4 mm; B, D: 300 μm (400×); F: 1 cm. Photos: M. D. Artigas Ramirez.
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Accordingly, the morpho-anatomical response was relat-
ed to the type, developmental level and genotype of the 
explants (Chaturvedi et al., 2004; Vila et al., 2005). How-
ever, the development and maturation of the embryos 
were successfully completed from the cotyledon sections, 
in response to the highest amount of BAP or especially to 
the external level of auxins.
The embryogenic callus and friable were found 
in the cotyledon segments, suggesting that the pericarp 
protects the cotyledon against some environmental fac-
tors or disinfection treatment. In addition, the abundant 
reserve substances from cotyledon tissue help the induc-
tion of embryogenic callus and whole plant regeneration 
(Gairi and Rashid, 2004; Thomas and Chaturdevi, 2008; 
Srivastava et al., 2009). Researchers who have worked 
with Meliaceae species suggested that somatic embryo-
genesis was obtained from certain pro-embryogenic cells 
without the presence of auxin in the culture medium, such 
as 2.4-Dichlorophenoxyacetic acid (Sharry and Teix-
eira, 2006). Moreover, the location of the meristematic 
nodule formation differed by the exposition of explants 
to an enriched-cytokinins medium (Shrikhande et al., 
1993; Parrott, 2002; Chaturvedi et al., 2003; Thomas and 
Chaturdevi, 2008). Consequently, the rupture of plas-
modesmata led to the isolation of a cell or groups of cells 
and formation of the pro-embryos. A large amount of the 
pro-embryogenic mass was a prerequisite for the subse-
quent proliferation and high-frequency differentiation of 
somatic embryos (Parrott, 2002; Chaturvedi et al., 2003; 
Chaturdevi et al., 2004; Thomas and Chaturvedi, 2008). 
The primary somatic embryos were observed in the pe-
riphery mass after 30 days; those embryos were next to 
the mass or attached through a suspensor, which revealed 
the origin of the somatic embryos that can be multicellu-
lar or unicellular (Parrott, 2002; Morimoto et al., 2006; 
Sharry et al., 2006; Singh and Chaturvedi, 2009). There-
fore, A. indica developed primary somatic embryos with 
only BAP at 1 mg l-1 (Chaturvedi et al., 2004). However, 
our results under low concentrations enhanced the indi-
rect organogenesis in detriment of somatic embryogene-
sis, which suggests that high concentrations of cytokinin 
are required. The cytokinin effects are significant and may 
become mandatory for the differentiation of primary and 
secondary somatic embryos (Parrott, 2002; Indieka et al., 
2007; Miriam et al., 2008). On the other hand, the TDZ 
is an effective synthetic growth regulator as a successful 
alternative to direct high-frequency regeneration of so-
matic embryos, because it could replace the level of auxin 
or cytokinin required for induction and proliferation of 
somatic embryos (Visser et al., 1992; Raemakers et al., 
1995). The TDZ-effect brings uncertainty because of the 
relationship between the explants and endogenous auxin/
cytokinin concentration is still unclear.
The occurrence of both multicellular and unicellu-
lar origins of somatic embryos are considered a common 
phenomenon (Gairi and Rashid, 2005; Mulanda et al., 
2014). However, the primary embryos with multicellular 
origin were more frequent. The secondary somatic em-
bryos originated directly from sub-epidermal and epider-
mal cells in the hypocotilar zone of primary embryos, as 
Fernández et al. (2005) described in Coffea arabica L. 
Generally, there are two types of embryos: the unicellular 
embryos that are distinguished for being attached to the 
parental tissue by suspensor-like structures (Simoes, et al., 
2010), while multicellular embryos do not have the sus-
pensor connecting the callus mass and embryos (Quiroz 
et al., 2006). Embryos can be originated directly from a 
simple embryogenic cell or from a multicellular complex. 
The embryos originated from a simple cell were locat-
ed at the periphery of the callus. Moreover, the embryos 
cleaved in the multi-embryonal complex had a unicellular 
origin, which was formed by polyembryonic excision of 
the cells (Haccius and Bhandari, 1975). 
The secondary somatic embryogenesis, called cy-
clic or repetitive embryogenesis, which is a base of the 
massive clonal reproduction of many plant species as 
Dianthus caryophyllus L. (Karami et al., 2008), Sola-
num nigrum L. (Nair and Gupta, 2006), Morus alba L. 
(Agarwal et al., 2004), Phalaenopsis amabilis L. (Chen 
and Chang, 2004), Arachis hypogaea L. (Chengalrayan 
et al., 2001), Medicago truncatula Gaertn. (Das Neves 
et al., 1999), Myrtus communis L. (Parra and Amo-Mar-
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co, 1998), M. azedarach L. (Sharry and Teixeira, 2006) 
and Coffea arabica (Fernández et al., 2005). Singh and 
Chaturvedi (2009) previously reported the frequencies of 
somatic embryogenesis in A. indica. Therefore, this study 
included full histological details for cycle somatic em-
bryogenesis. 
The development of primary and secondary somatic 
embryos were evidenced continuously and asynchronous-
ly, because the embryos were developed in various stag-
es at the same time as described for Cedrela fissilis Vell. 
(Vila et al., 2009), Sorbus pohuashanensis (Hance) Hedl. 
(Yang et al., 2012) and A. indica (Shrikhande et al., 1993; 
Murthy and Saxena, 1998). In contrast, the secondary em-
bryos originated directly in the subepidermal and epider-
mal cells of the hypocotilar area from primary somatic 
embryos as described by Fernández et al. (2005). In this 
work, an uninterrupted cycling of somatic embryogenesis 
was observed due to consecutive exposure to growth reg-
ulators. These results were demonstrated by the formation 
of primary somatic embryos to tertiary o more embryos 
(Raemakers et al., 1995). The report from Parrott (2002) 
and our present results suggested that the external auxin 
concentration could interfere with the normal histo-dif-
ferentiation, because when the auxin level is an over-low 
threshold in the culture medium, the embryogenic cells 
begin a histodifferentiation process and prevent the ac-
quisition of bilateral symmetry and apical meristem de-
velopment. The secondary embryos grow from a primary 
embryo during the maturation process (Chaturdevi et al., 
2004). It occurred when the endogenous level of auxins 
reached the optimum limit (Parrott, 2002). Hence, A. indi-
ca has been reported as one of tree species that had a high 
concentration of auxins. Furthermore, the level of exog-
enous auxin should be less than the limit; otherwise, the 
embryogenesis cycle could break and develop into ma-
ture embryos (Parrott, 2002; Jiménez, 2005; Simoes et al., 
2010). The embryogenic tissues and amount of embryos 
with high regenerative abilities enable a large-scale of 
multiplication and an unlimited production of propagules, 
which could germinate and produce entire plants. It is im-
portant to mention that the acquisition of competent and 
suitable embryogenic somatic cells must involve some 
modifications, changes or reprogramming of patterns in 
the morphology, physiology, metabolism or gene expres-
sion (Simoes et al., 2010), which need further studies at 
molecular level. 
The regeneration system of Meliaceae species by 
organogenesis has been obtained in Melia azedarach 
(Vila et al., 2005) with BAP, Toona ciliata M. Roem. at 
0.1 mg l-1 TDZ (Daquinta et al., 2005) and Actinidia deli-
ciosa (A. Chev.) C.F. Liang & A.R. Ferguson with 0.5 mg 
l-1 TDZ (Goralski et al., 2005, Popielarska et al., 2006). 
On the other hand, the direct somatic embryogenesis has 
been obtained from shoots with only cytokinins; howev-
er, there are differences between primary and secondary 
embryos using 1 mg l-1 BAP, or combined with auxins or 
other cytokinins (Te-Chato and Rungnoi, 2000; Giagna-
covo et al., 2001; Chaturvedi et al., 2004; Morimoto et al., 
2006). Moreover, other authors indicated that the use of 
low concentrations of auxins promoted regenerative or-
ganogenic callus and high concentrations induced the for-
mation of non-regenerative calli in A. indica (Wen Su et 
al., 1997; Kota et al., 2006; Shekhawat et al., 2009; Das, 
2011) and Melia azedarach (Deb, 2001; Sharry and Teix-
eira, 2006). According to these, the abnormalities found 
in our studies were consequences of the injuries level in 
the explants or due to the long exposition with exogenous 
growth regulators. 
In the regeneration medium tested in this research, 
the carbon source was sucrose 3%, which allowed the 
germination and regeneration of somatic embryos. We 
determined that the high carbon concentration affected 
the development of roots (Shrikhande et al., 1993). The 
total omission of growth regulators in the culture media 
allowed the transference of embryos for development 
into whole plants (Indieka et al., 2007; Vila et al., 2009, 
Peña-Ramirez et al., 2011; Mulanda et al., 2014). These 
results contrasted those presented by Singh and Chaturve-
di (2009), which only obtained 10% germination demon-
strating no secondary somatic embryos devoid of growth 
regulators means. Based on MS1/2-rooting medium, 
86.67% of regenerated plants were from somatic embryos 
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(obtained directly), which developed one to three func-
tional roots in a period of 15-20 days in this condition. 
Finally, the somatic embryos were induced indi-
rectly or directly in five weeks. Hence, the process was 
characterized by the induction until the regeneration. 
Hence, somatic embryos were successfully characterized 
at different stages. The morpho-anatomical characteriza-
tion showed an efficient in vitro protocol for regeneration 
by secondary somatic embryogenesis of A. indica, which 
may be applied to other recalcitrant species. Additionally, 
the somatic embryogenesis is contributing to the imple-
mentation of clonal forestry; the establishment of this ef-
ficient system offers the opportunity to obtain potentially 
elite cell lines, particularly secondary embryogenesis. The 
culture system established could be used to improve the 
productivity and to enhance wood to optimize the second-
ary metabolite production, such as azadirachtin, through 
cell suspension or other protocols.
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